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CLAIMS 

1. A method (50) for momtoring a patient comprising: 

detennining (54) a first convex hull for a first plurality of points, each point of the 
first plurality of points having a first coordinate being a value of a first monitored signal at 
a specific moment in time, and having a second coordinate being a value of a second 
noonitored signal at the specific moment in time; 

determining (54) a second convex hull for a second plurality of points, each point • 
of the second plurality of points having a first coordinate being a value of a third monitored 
:signal at a specific moment in time, and having a second coordinate being a value of a 
fourth monitored signal at the specific moment in time; 

: monitoring (56) the first and second convex hulls to deteimine whether a 
perturbation has occurred in either of the first and second convex hulls; 

determining (57), upon detecting a perturbation in one of the first and second 
convex hulls, whether a pertuibation has occurred in the olher of the first and second 
convex hulls; and 

alerting (58) an operator that a clinically significant change may have occurred in 
the patient if bolb the first and second convex hulls have been perturbed. 

2. A method (50) for monitoring a patient comprising: 

determining (54) a plurality of convex hulls for a plurality of pairs of monitored 
signals from the patient; and 

determining (56) whether a perturbation has occurred in one or more of the 
plurality of convex hulls. 
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3. The method (50) according to claim 2, further comprising: 

alerting (58) an operator that a clinically significant change may have occurred in 
the patient if each of the plurality of convex hulls has been perturbed. 

4. A method (50) for monitoring a patient comprising: 

determining (54) a plurality of convex hulls for a plurality of pairs of monitored 
signals fi^om the patient; and 

indicating (58) a potentially clinically significant change based on a determination 
that a perturbation has occurred in each of the plurality of convex hulls. 

5. The method (50) according to claim 4, further comprising: 

determining (56) that a perturbation has occurred in one of the plurality of convex 
hulls; and 

evaluating (57) one or more remaining ones of the plurality of convex hulls to 
determine whether a perturbation has occutred in each of the one or more remaining ones 
of the plurality of convex hulls. 

6. The method (50) according to claim 5, further comprising: 

upon determining (57) that a perturbation has occxirred in the one or more 
remaining ones of the plurality of convex hulls, determining (58) that a clinically 
significant change may have occurred in the patient. 
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7. The method according to claim 5, further comprising: 

upon determining (57) that a perturbation has not occurred in the one or more 
remaining ones of the plurality of convex hulls, determining (59) that an artifact may exist 
in the plurality of pairs of monitored signals. 

8. A method (50) for monitoring a patient comprising: 

indicating (58) that a clinically significant change may have occurred in the patient 
if perturbations exist in a plurality of convex hulls of a plurality of plots of monitored 
signal pairs; and 

indicating (59) that an artifact may exist in one or more of a plurality of monitored 
signals if a perturbation exists only in a subset of the plurality of convex hulls of the 
phirality of plots of monitored signal pairs and not in a remaining ones of the plurality of 
convex hulls of the plurality of plots of monitored signal pairs. 

9. An apparatus (120) for monitoring a patient comprising: 

a plurality of leads (121), each receiving a monitored signal fi"om the patient; 
a memory (123) to store a value of each of flie plurality of leads (121) at a plurality 
of points in time; 

a processor (122) coupled to each of the plurality of leads (121), said processor 
(122) to determine a plurality of convex hulls for a plurality of pairs of signals fix)m the 
plurality of leads (121), and to determine whether a perturbation has occurred in one or 
more of the plurality of convex hulls. 
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10. The apparatus (120) according to claim 9, further comprising a user interface 
(125) coupled to the memory (123) and the processor (122), wherein said processor 
(122)outputs an alert signal to the user interface (125) to indicate that a clinically 
significant change may have occurred in the patient if perturbations exist in a plurality of 
convex hulls of a plurality of plots of monitored signal pairs, or indicating that an artifact 
may exist in one or more of a plurality of monitored signals if a perturbation exists only in 
a subset of the plurality of convex hulls of the plurality of plots of monitored signal pairs 
and not m a remaining ones of the plurality of convex hulls of the plurality of plots of 
monitored signal pairs. 

1 L The apparatus (120) according to claim 9, further comprising a display (124) 
coupled to the processor (122) to display each of the pluraUty of signals from the pluraUty 
of leads (121) and to display a plurality of plots of each of the plurality of signals with 
respect to one of the other plurality of signals. 

12. The apparatus (120) according to claim 1 1, wherein said display (124) overlays 
a calculated convex hull for each of the plurality of plots. 

13. A con:q)uter readable media (123) having disposed thereon instructions causing 
a processor (122) to: 

determine (54) a first convex hull for a first plurality of points, each point of the 
first phirality of points having a first coordinate being a value of a first monitored signal at 
a specific moment in time, and having a second coordinate being a value of a second 
monitored signal at the specific point in time; 
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detennine (54) a second convex hull for a second plurality of points, each point of 
the second plurahty of points having a first coordinate being a value of a third monitored 
signal at a specific moment in time, and having a second coordinate being a value of a 
fourth monitored signal at the specific point in time; 

monitor (56) the first and second convex hulls to determine whether a perturbation 
has occurred in either of the first and second convex hulls; 

determine (57), upon detecting a perturbation in one of the first and second convex 
hulls, whether a perturbation has occurred in the other of the first and second convex hulls; 
and 

alert (58) an operator that a clinically significant change may have occurred in the 
patient if both the first and second convex hulls have been perturbed. 

14. The computer readable media (123) according to claim 13, wherein the 
instructions further cause the processor (122) to: 

determine (54) a plurality of convex hulls for a plurality of pairs of signals from the 
patient; and 

detennine (56) whether a perturbation has occurred in one or more of the plurality 
of convex hulls. 

15. The computer readable media (123) according to claim 14, wherein said 
instructions further cause the processor (122) to: 

alert (58) an operator that a clinically significant change may have occurred in the 
patient if each of the plurality of convex hulls has been perturbed. 



wo 2005/071600 



17 



PCT/IB2005/050136 



16. A computer readable media (123) having encoded thereon a plurality of 
instructions for programming a processor (122) to monitor a patient, said plurality of 
instructions conQxrising: 

determining (54) a plurality of convex hulls for a plurality of pairs of signals from 
the patient; and 

indicating (58) a potentially clinically significant change based on a determination 
that a perturbation has occurred in each of the plurality of convex hulls. 

17. The computer readable media (123) according to claim 16, wherein said 
instructions further comprise: 

determining (56) that a perturbation has occurred in one of the plurality of convex 
hulls; and 

evaluating (57) one or more remaining ones of the plurality of convex hulls to 
determine whether a perturbation has occurred in each of the one or more remaining ones 
of the plurality of convex hulls. 

18. The computer readable media (123) according to claim 17, wherein said 
plurality of instructions further comprise: 

upon determining (57) that a perturbation has occurred in the one or more 
remaining ones of the plurality of convex hulls, determining (58) that a clinically 
significant change may have occurred in the patient 

19. The computer readable media (123) accordmg to claim 17, wherein said 
plurality of instructions further comprise: 
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Upon determining (57) that a perturbation has not occurred in the one or more 
remaining ones of the plurality of convex hulls, determining (59) that an artifact may exist 
in the plurality of pairs of signals. 

20. A computer readable media (123) having encoded thereon a plurality of 
instructions for programming a processor (122) to monitor a patient, said plurality of 
instructions comprising: 

indicating (58) that a clinically significant change may have occurred in the patient 
if perturbations exist in a plurality of convex hulls of a plurality of plots of monitored 
signal pairs; and 

indicating (59) that an artifact may exist in one or more of a plxurality of monitored 
signals if a perturbation exists only in a subset of the plurality of convex hulls of the 
plurality of plots of monitored signal pairs and not in a remafaiing ones of the plurality of 
convex hulls of the plurality of plots of monitored signal pairs. 



